Abstract. 2014 A detailed study is presented of the consequences of a simple hypothesis for the Sherrington-Kirkpatrick model, namely that in the spin-glass phase the entropy is independent of the applied magnetic field. This hypothesis leads to predictions in excellent agreement with the results of available Monte-Carlo simulations, for the ground-state energy, the entropy in zero field, the energy and spontaneous magnetization as a function of the interaction mean value Jo. The relevance of mean-field theory to real spin-glass materials is discussed, underlying the extant areas of agreement and suggesting new experiments. 1 . Introduction. -This paper is the third in a series [1, 2] examining the consequences of a simple Hypothesis for the spin-glass phase, of the infinité ranged Sherrington-Kirkpatrick (S-K) model [3, 4] . Interest Expression (2) [4] . It is interesting to observe that they were published early in the game, much before the advent of the Parisi replica-symmetry breaking scheme [5] and of the subsequent PaT hypothesis [1] . Parisi's scheme and with the most recent computer simulations [5, 6] (Fig. 2) .
e Ground-state energy, Jo
The ground-state energy Eo is directly obtained from the previous function M(H1 using the relation :
To achieve a good accuracy with less effort it is convenient to compute the difference between Eo and the ground-state energy without replica-symmetry
The sign of (M 0 S -K _ M ) corresponds to the expectation that the true ground-state energy is higher than E S-K (Fig. 2 [7] . Comparing these two extreme limits, we recognize that the susceptibility is predicted to be constant in the spin-glass phase for both cases. It is naturally tempting to make the guess that this behaviour is mindependent and therefore valid also for Heisenberg spins.
Second cornes the general question of the reliability of a mean-field theory for a real (three-dimensional) material. By its définition, mean-field theory should hold in the limit of infinite space dimensionality. Deviations due to fluctuations are expected to occur in finite dimensionalities and to increase when the dimensionality goes down. These fluctuations are expected to affect mostly the critical region around the transition temperature (eventually suppressing the transition below the so-called lower critical dimension) and for instance the cusp in the specihc heat predicted for the S-K model is not observed in real materials :
We should therefore trust better the mean-field theory deep in the low température spin-glass phase than in the critical region. Besides, the fluctuations are expected to be weaker in systems with long-range interactions : this favours the standard spin-glass materials, such as CuMn and similar alloys, for a comparison with mean-field theory.
Keeping these remarks in mind, let us consider the expérimental facts.
Expérimental evidence for a plateau in x(T), or equivalently in M(T) at low external fields, has indeed been found repeatedly on CuMn alloys of various concentrations [8] [9] [10] [11] [12] , when the measurements are made with cooling under fixed applied field (fieldcooling). In these conditions, the magnetization is found to be at equilibrium i.e. time-independent, whereas it is not when the field is applied at low temperatures and the sample is heated up thereafter. It is therefore the former quantity which should be compared with an equilibrium theory (leaving as a task for a future dynamical theory to explain why field-cooling is reversible).
Another very important prediction of the meanfield theory is the existence of a critical line H c( T), below which replica-symmetry breaking takes place. Note that this prediction goes against an established folklore, claiming that the spin-glass transition disappears in a finite field. Several groups [12, 13, 14] are now trying to find experimental evidence for such a line and to draw its locus in the phase diagram.
There are experimental difficulties for this determination which are best illustrated by the sketch made in figure 5 . In finite field, mean-field theory predicts the existence of a critical line Hc(T). But it predicts also a crossover line Hp(T) within the paramagnetic phase, with the opening up of a critical region where Curie behaviour (M function only of H/T, for instance) does not hold. This critical region leads to a rather smooth change from the Curie regime to the spin-glass regime (e.g. for the magnetization), whereas in zero field the change is sharp. Indeed it is this smooth change that led to the conviction that the transition was smeared out in a field. As a consequence, the définition of Hc(T) by the end in the spinglass plateau for M(T) is not very precise [12] .
An alternative experimental definition of the instability line is through the onset of irreversibility effects [14] , and it will be interesting to compare both determinations.
A third domain of comparison between mean-field theory and experiments concerns the anomalous power laws predicted by the PaT hypothesis. Thus [5] . In this scheme, the order parameter at a given temperature is a function q(x), 0 x 1, which is expected to be continuous and monotonously non-decreasing ; its extremal value is understood as being the E-A order parameter :
The formulae which relate the zero field susceptibility x and the energy t to the (E-A) order A simple prediction can be derived from this formula. At low temperatures, provided q(T) behaves as q -1 -a T 2... the position of the break point x in q(x) will tend to 1/2 :
As we shall see, this prediction of the scaling assumption is well supported by the variational calculations.
It is clear from equation (23) that the function f(x/T) can be found from the knowledge of the function q(T). Indeed the two equations and give the function f (u) implicitly. If we use as input the function q(T) given by equation (4), we find the result shown in figure 6 for the function f(u). Since q(T) as given by the projection hypothesis is certainly an accurate approximation, the function f(u) so (22) is provided by the comparison of its predictions with the results of a direct variational calculation of q(x, T), but it is necessary to recall first some aspects of the variational method.
In the approach of reference [5] the function q(x) can be found by maximizing an effective free energy which functionally depends on q(x)
Rather accurate values for the free energy càn be obtained using simple trial functions where q(x) is a piecewise constant function. It is more difficult from a numerical point of view to find good results for the function q(x). Indeed, it we write has zero as accumulation point for its eigenvalues.
This phenomenon is very interesting and has many important physical consequences. It also implies that there are directions in the functional space for which F[q] changes by only a very small amount : In other words F is very flat near its maximum (it has been argued in reference [15] that F has really a maximum only if q(x) is monotonous). A small numerical error in computing F may strongly affect the form of qo(xÀ moreover the standard computer programs to minimize a function of n variables are rather inefficient if the region near the maximum is too flat.
In spite of these difficulties, we have performed some numerical work along this approach, and the results are consistent with equation (22), 
